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(57)Abstract: 

PROBLEM TO BE SOLVED: To design a rectangular 
coil and a pyramid coil having a large coil occupancy 
rate. 

SOLUTION: Out of nt and nh satisfying the formulas nt< 
nhx(Ws-Wt)/2 LmtanGand nt<NxLx(Ws-Wt)/2Sxnh using 
an appropriate number of turns N, the one having the 
smallest product is made the maximum number of the 
layers nt and the maximum line number nh of the 
pyramid coil 40. The height h2 of a flat wire is decided by 
dividing the maximum height of the pyramid coil L by the 
maximum number of lines nh. The thickness t2 of the flat 
wire is decided by subtracting the teeth width Wt from 
the maximum width Ws and multiplying 1/2 and dividing 
by the maximum layer number nt. For the rectangular 

coil 30, the height hi and the thickness t1 are obtained from the space left in the slot 24 after 
loading the pyramid coil 40. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is the concentrated-winding motor with which two or more slots and teeth come by turns to 
attach a rectangle coil and a pyramid coil in a stator core arranged by turns. While coming to wind only 
the same number of turns using a straight angle strand with the cross section same [ said rectangle coil 
and said pyramid coil ], the length of shaft orientations is formed as abbreviation identitas. Furthermore, 
a concentrated-winding motor which is formed and becomes so that a ramp of this pyramid coil may 
**** in this rectangle coil within said slot. 

[Claim 2] Said rectangle coil and said pyramid coil are a concentrated-winding motor according to claim 
1 which it comes to wind with a straight angle strand of a different cross-section configuration. 
[Claim 3] For said rectangle coil and said pyramid coil, the length of said shaft orientations is the 
concentrated-winding motor according to claim 1 or 2 with which it comes to form only predetermined 
length from the length of said teeth short. 

[Claim 4] It is the layout method of a coil of designing a rectangle coil which two or more slots and 
teeth can attach in a stator core arranged by turns by turns, and a pyramid coil. A layout method of a coil 
of designing this rectangle coil and this pyramid coil so that a ramp of said pyramid coil may **** in 
said rectangle coil, when [, at which the cross section winds only the same number of turns using the 
same straight angle strand ] both the length of shaft orientations is made into abbreviation identitas and 
it attaches in said stator core further. 

[Claim 5] It is the layout method of a coil according to claim 4. (a) Set up number nh of maximizing 
sequences, and number nt of the maximum layers, and this pyramid coil is designed so that a number nh 
of maximizing sequences and number nt [ of the maximum layers ] product may serve as min, while 
number [ of said pyramid coil ] nh of maximizing sequences and number nt of the maximum layers fills 
relation between a formula (1) and a formula (2). (b) A layout method of a coil of designing said 
rectangle coil based on a space of the remainder when attaching a designed this pyramid coil in said slot. 

[Equation 1] 

2 Lmt a n 0 

L-(Ws-Wt) 

ntSN« — (2) 

2 S • n h 

Ws: a-fJHF«»*« 

Wt : f/-Xi - " 

N 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused fc>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the layout method of the coil 
used for the concentrated-winding motor and this which come by turns to attach a rectangle coil and a 
pyramid coil at the stator core by which two or more slots and teeth have been arranged by turns in 
detail about the layout method of the coil used for a concentrated- winding motor and this. 
[0002] 

[Description of the Prior Art] Conventionally, what equips teeth with the coil beforehand formed in the 
predetermined configuration, using metal mold etc. as this kind of a concentrated-winding motor is 
proposed (for example, utility model registration official report No. 2524074 etc.). In this concentrated- 
winding motor, it is supposed by equipping teeth with the coil formed beforehand that automation of a 
coil activity can also be attained while being able to attain easy-ization of the assembly operation of a 
stator. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order to equip teeth with the coil formed 
beforehand in such a concentrated-winding motor, it was difficult to generate space inside a slot and to 
secure sufficient space factor. In order to aim at improvement in the dynamic characteristics of a motor, 
and improvement in effectiveness, it is necessary to make into the same number of turns each coil with 
which teeth are equipped using the strand of the same cross section. On the other hand, a stator is 
formed annularly and the teeth or slot equipped with a coil cannot make the configuration a rectangle by 
things. For this reason, even if it equips teeth with the coil around which only the same number of turns 
only wound the strand of the same cross section, space will be generated in a slot. 

[0004] The concentrated-winding motor of this invention aims at making a space factor high and raising 

effectiveness. Moreover, the layout method of the coil of this invention aims at offering the layout 

method of the coil which makes the space factor of a concentrated-winding motor high. 

[0005] In addition, the applicant has proposed what raises a space factor by filling the inside of a slot 

using the coil of two different configurations as what solves a part of above-mentioned technical 

problem (Japanese Patent Application No. No. 1 85371 [ nine to ]). 

[0006] 

[The means for solving a technical problem, and its operation and effect] The layout method of the coil 
used for the concentrated-winding motor of this invention and this took the following means, in order to 
attain the above-mentioned purpose. 

[0007] The concentrated-winding motor of this invention is a concentrated-winding motor with which 
two or more slots and teeth come by turns to attach a rectangle coil and a pyramid coil in the stator core 
arranged by turns. While coming to wind only the same number of turns using a straight angle strand 
with the cross section same [ said rectangle coil and said pyramid coil ], the length of shaft orientations 
is formed as abbreviation identitas. Furthermore, let it be a summary to be formed and to become so that 
the ramp of this pyramid coil may **** in this rectangle coil within said slot. 
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[0008] In the concentrated-winding motor of this this invention, while coming to wind only the same 
number of turns using a straight angle strand with the same cross section, improvement in the dynamic 
characteristics of a motor and improvement in a space factor can be aimed at by forming the rectangle 
coil and pyramid coil with which the length of shaft orientations was formed as abbreviation identitas so 
that the ramp of a pyramid coil may **** in a rectangle coil within a slot further. The condition of 
having touched "it ****(ing)" is included here, and also it is mind also including the condition of having 
not touched with slight path clearance. 

[0009] In the concentrated-winding motor of such this invention, it shall come to wind said rectangle 
coil and said pyramid coil with the straight angle strand of a different cross-section configuration. If a 
straight angle strand is the same cross section, since the dynamic characteristics of a motor will not be 
reduced, what kind of thing is sufficient as a cross-section configuration. 

[0010] Moreover, in the concentrated-winding motor of this invention, as for said rectangle coil and said 
pyramid coil, it shall come to form the length of said shaft orientations only predetermined length from 
the length of said teeth short. Here, "predetermined length" is the mind in consideration of the length by 
the thermal expansion of a coil. 

[001 1 ] The layout method of the coil of this invention is the layout method of a coil of designing the 
rectangle coil which two or more slots and teeth can attach in the stator core arranged by turns by turns, 
and a pyramid coil. While the cross section winds only the same number of turns using the same straight 
angle strand, the length of shaft orientations is made into abbreviation identitas. Furthermore, when you 
attach in said stator core, let it be a summary to design this rectangle coil and this pyramid coil so that 
the ramp of said pyramid coil may **** in said rectangle coil. 

[0012] According to the layout method of the coil of this this invention, the coil which raises the 
dynamic characteristics and the space factor of a motor can be designed. The condition of having 
touched "it ****(ing)" is included here, and also it is mind also including the condition of having not 
touched with slight path clearance. 

[0013] In the layout method of the coil of such this invention (a) Set up number nh of maximizing 
sequences, and number nt of the maximum layers, and this pyramid coil is designed so that a number nh 
of maximizing sequences and number nt [ of the maximum layers ] product may serve as min, while 
number [ of said pyramid coil ] nh of maximizing sequences and number nt of the maximum layers fills 
the relation between a formula (3) and a formula (4). (b) Said rectangle coil shall be designed based on 
the space of the remainder when attaching the designed this pyramid coil in said slot, here - the inside 
of a formula (3) and a formula (4), and Ws - for the height of a pyramid coil, and m, the reduction 
number of unit of the train of the ramp of a pyramid coil and theta are [ the pyramid coil permission 
maximum width and Wt / teeth width of face and L / number of turns and S of a slot pitch angle and N ] 
the slot occupancy area of a rectangle coil. 
[0014] 
[Equation 2] 

" tgSnh * 2Lmtane ' " <3) 



n t £N • 



L • (Ws-Wt) 9 9 9 w 



2 S ■ n h 



[0015] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained using an 
example. Drawing 1 is the block diagram showing the outline of the configuration of a part of stator core 
20 used for the concentrated-winding motor which is one example of this invention. The teeth 22 formed 
in the inner circumference side of a stator core 20 are equipped so that the rectangle coil 30 and the 
pyramid coil 40 may be exactly settled in a slot 24, so that it may illustrate. 

[0016] The straight angle strand with which the configurations differ although the rectangle coil 30 and 
the pyramid coil 40 are the same cross sections, With the rectangle coil 30, only the same number of 
turns (an example 52 volumes) twist the straight angle strand of h2xt2 (hlxtl=h2xt2) with the pyramid 
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coil 40 with the straight angle strand of hlxtl. Namely, length (height of pyramid coil 40) L of shaft 
orientations While being formed so that it may become short a little from the length of teeth 22, when 
teeth 22 are equipped, it is formed so that the ramp of the pyramid coil 40 may contact the rectangle coil 
30 exactly. In addition, the deflection of length L of the shaft orientations of both the coils 30 and 40 
and the length of teeth 22 takes into consideration the thermal expansion of both the coils 30 and 40. 
[0017] In this way, according to the rectangle coil 30 and the pyramid coil 40 which were constituted, 
since excessive space of the slot 24 produced when a stator core 20 is equipped can be made small, the 
space factor can be raised. And since only the same number of turns twist the straight angle strand of the 
same cross section, dynamic characteristics of a motor can be made good. Consequently, the engine 
performance of the concentrated-winding motor which comes to attach the stator core 20 equipped with 
the rectangle coil 30 and the pyramid coil 40 can be raised. 

[0018] Next, the layout method of the rectangle coil 30 of an example and the pyramid coil 40 is 
explained. First, the layout method of the pyramid coil 40 is described. The relation between height L of 
the pyramid coil 40 determined from the length of teeth 22 and the height h2 of the straight angle strand 
which forms the pyramid coil 40 is drawn by the degree type (5). Here, nh is the number of maximizing 
sequences of the pyramid coil 40. 
[0019] 

[Equation 3] m . ' 

h2«L/nh • • • (5) 

nh=1. 2. 3. 4. • • • 

[0020] Since the maximum width of the pyramid coil 40 is equal to the pyramid coil permission 
maximum width Ws, the relation between the thickness t2 of a straight angle strand and the pyramid coil 
permission maximum width Ws serves as a degree type (6). Here, Wt is teeth width of face and nt is the 
maximum number of layers of the pyramid coil 40. 
[0021] 
[Equation 4] 

* 2 * 2-nt (6) 
nt-1, Z. 3. 4. 

[0022] From the business which contacts without a straight angle strand interfering with the straight 
angle strand of the rectangle coil 30 in the ramp of the pyramid coil 40, if a slot pitch angle is set to 
theta, it is necessary to fill the relation of a degree type (7) in the height h2 and thickness t2 of a straight 
angle strand which form the pyramid coil 40. Here, m is the number of the trains decreased whenever it 
changes the reduction number of unit of the train of the ramp of the pyramid coil 40, i.e., a layer, among 
a formula (7). 
[0023] 
[Equation 5] 

t 2 = h 2 • m • t a n B • • • (7) 

m=1, 2, 3, • • ■ 

[0024] If the above formula (5) thru/or formula (7) is arranged as number nh of maximizing sequences, 
and number nt [ of the maximum layers ] relation, an above-mentioned formula (3) will be drawn. 
[0025] On the other hand, occupancy area of the slot 24 of the rectangle coil 30 is set to S, the ramp of 
the pyramid coil 40 is set into a straight line, and occupancy area of the slot 24 at the time is wholly set 
to SI the bottom. The relation between the configurations of the rectangle coil 30 and the pyramid coil 
40 and the configuration of a slot 24 is shown in drawin g 2 . The occupancy area S of the rectangle coil 
30 is calculated by xL, and the occupancy area SI of the pyramid coil 40 is calculated by yL+(L+z) and 
(a-y)/2 so that it may illustrate. Now, a variable, then y can express x as a function of Variable x, and z 
can also express it as a function of Variable x. And Variable x can be determined if the occupancy area 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/27/2004 



r 



THIS PAGE BLANK <uspto) 



Page 4 of 5 



S of the rectangle coil 30 and the occupancy area SI of the pyramid coil 40 take equal relation (S=S1) 
into consideration. In this way, if the occupancy area S of the rectangle coil 30 is expressed with a 
formula using the variable x for which it asked, it will become a degree type (8). In addition, L<3 is the 
distance of the center of a stator core 20, and the coil bore section (refer to drawing 1 ). . 
[0026] 

[Equatio n 61 4 
S=b- Jb - c • • • (8) 

Ws-Wt 

b= + L • s i n 6 

2 

c= + 2 t a n 6 \ Lo • L • s i n 6-L • 0 



n a J\ 

} 



Wt • L • (1+co s 9) 



[0027] If the occupancy area S of the rectangle coil 30 is considered as an occupancy area of the 
pyramid coil 40 as it is and it considers forming the pyramid coil 40 using the straight angle strand of 
thickness t2 in height h2, it is necessary to fill the relation of a degree type (9) in the number of turns N 
and occupancy area S. 
[0028] 
[Equation 7^ 

N< ' ' • O) 

h 2 • t 2 

[0029] If an above-mentioned formula (5) and an above-mentioned formula (6) are substituted for this 
formula (9) and it arranges about number nt of the maximum layers, an above-mentioned formula (4) 
will be drawn. An example of the relation between a formula (3) and a formula (4) is shown in drawing 
3 . Two or mor6 hyperbolas set the number of turns N of a formula (4) to 30, 40, 50, 52, and 60 among 
drawing. Moreover, each point of a black rectangular head, a black trigonum, and a black dot expresses 
number nt of the maximum layers, and the number nh of maximizing sequences with a formula (3) as 
the natural number among drawing. In layout of the pyramid coil 40, the product of number nt of the 
maximum layers and the number nh of maximizing sequences makes combination used as min a layout 
value among the points of the formula (3) which twists and is located in the field at the upper right of the 
hyperbola of the possible number of turns N. In addition, it twists and the possible number of turns N are 
set up by choosing an appropriate thing from the configuration of the pyramid coil 40, the number of 
layers nl of the rectangle coil 30, and n2 trains. In the case of the decision of such number nt of the 
maximum layers, and the number nh of the most trains, the reduction number of unit m of the train of 
the ramp of the pyramid coil 40 is determined. And the height h2 and thickness t2 of a straight angle 
strand which substitute determined number nh of maximizing sequences and number nt of the maximum 
layers for a formula (5) and a formula (6), and twist the pyramid coil 40 are determined. 
[0030] The reduction number of unit m of the train of layout value of pyramid coil 40, i.e., cross-section 
configuration of straight angle strand, (height h2 and thickness t2), number-of-turns N, number nh of 
maximizing sequences, and number nt of the maximum layers and a ramp is determined by the 
technique explained above. 

[0031] Layout of the rectangle coil 30 shall just form the coil of number of turns N in the rectangle of 
Width L by vertical S/L as a space of the remainder of the slot 24 when equipping a stator core 20 with 
the pyramid coil 40. First, when the height of the straight angle strand which twists the rectangle coil 30 
is set to hi and thickness is set to tl, as shown in a degree type (10), it is necessary to fill the relation to 
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which what multiplied the cross section (hlxtl) of a straight angle strand by number of turns N becomes 

equal to the occupancy area S of the rectangle coil 30. 

[0032]hlxtlxN=S(10) 

[0033] In case number of turns N are chosen, since it is determined, the number of layers nl and n2 
trains of the rectangle coil 30 determine the height hi of a straight angle strand for the height of the 
rectangle coil 30 by the degree type (1 1) as height L of the pyramid coil 40, and an equal, substitute this 
for a formula (10) and determine the thickness t l of a straight angle strand. 
[0034]hl=L/n2(ll) 

[0035] The layout value of the rectangle coil 30, i.e., the cross-section configuration of a straight angle 
strand, (height hi and thickness tl), number of turns N, a number of layers nl, and n2 trains are 
determined by the technique explained above. 

[0036] According to the layout method of the rectangle coil 30 and the pyramid coil 40 explained above, 
although it is the same cross section, only the same number of turns twist the straight angle strand with 
which the configurations differ, the length of shaft orientations is shorter than the length of teeth 22 a 
little, and when teeth 22 are equipped, the rectangle coil 30 and the pyramid coil 40 can be designed so 
that the ramp of the pyramid coil 40 may contact the rectangle coil 30 exactly. That is, the rectangle coil 
30 and the pyramid coil 40 which raise a space factor can be designed. 

[0037] As mentioned above, although the gestalt of operation of this invention was explained using the 
example, as for this invention, it is needless to say that it can carry out \yith the gestalt which becomes 
various within limits which are not limited to such an example at all and do not deviate from the 
summary of this invention. 



[Translation done.] 
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* NOTICES * 

Japan Patent Off ice is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the block diagram showing the outline of the configuration of a part of stator core 20 
used for the concentrated-winding motor which is one example of this invention. 

[Drawing 2] It is explanatory drawing explaining the relation between the configurations of the rectangle 
coil 30 and the pyramid coil 40, and the configuration of a slot 24. 

[Drawing 31 It is explanatory drawing showing an example of signs that number nh of maximizing 
sequences and number nt of the maximum layers is determined using a formula (3) and a formula (4). 
[Description of Notations] 

20 A stator core, 22 Teeth, 24 A slot, 30 A rectangle coil, 40 Pyramid coil. 
[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused r>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 11 




[Drawing 3] 
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301 urn 



nh 



10 
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[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 1/27/2004 



V 



THIS PAGE BLANK <uspto) 



